Flexible behavior depends on our ability to cope with distracting stimuli that can interfere with the attainment of goals. Emotional distracters can be particularly disruptive to goal-oriented behavior, but the neural systems through which these detrimental effects are mediated are not known. We used event-related functional magnetic resonance imaging to investigate the effect of emotional and nonemotional distracters on a delayed-response working memory (WM) task. As expected, this task evoked robust activity during the delay period in typical WM regions (dorsolateral prefrontal cortex and lateral parietal cortex). Presentation of emotional distracters during the delay interval evoked strong activity in typical emotional processing regions (amygdala and ventrolateral prefrontal cortex) while simultaneously evoking relative deactivation of the WM regions and impairing WM performance. These results provide the first direct evidence that the detrimental effect of emotional distracters on ongoing cognitive processes entails the interaction between a dorsal neural system associated with "cold" executive processing and a ventral system associated with "hot" emotional processing.
Introduction
Goal-directed behavior depends on executive processes, such as working memory (WM), which allows one to maintain and manipulate information relevant to our current tasks over short periods of time (Baddeley, 1986) . Distraction challenges our ability to maintain focus on goal-relevant information, and emotional stimuli are particularly potent distracters that can capture attention and reallocate processing resources (Ellis and Ashbrook, 1988 ) and thus impair cognitive performance. The neural systems that mediate these detrimental effects of emotion on goal-directed cognitive processing are not known. Understanding the mechanisms by which emotion impairs cognitive functions has important implications for affective disorders, such as depression and posttraumatic stress disorder, which are characterized by increased susceptibility to emotional distraction. Here, we report an investigation of the brain systems involved when task-irrelevant emotional stimuli interfere with the performance of a working memory task.
Models of affective-cognitive interactions inspired by clinical investigations suggest that increased emotional distractibility and impaired ability to maintain focus on relevant information observed in depressed patients (Watts et al., 1988) are the consequences of altered interactions between a dorsal brain system involved in "cold" executive processing and a ventral system involved in "hot" emotional processing (Mayberg, 1997; Drevets and Raichle, 1998) . The dorsal executive system includes dorsolateral prefrontal cortex (dlPFC) and lateral parietal cortex (LPC), which are critical to active maintenance of goal-relevant information in WM, and increased activity in these regions during WM tasks is typically associated with increased performance (Courtney et al., 1997; Fuster, 1997; Smith and Jonides, 1999; Chafee and Goldman-Rakic, 2000) . The ventral affective system includes brain regions involved in emotional processing, such as the amygdala, ventrolateral PFC (vlPFC), and medial PFC (Davidson and Irwin, 1999; Davis and Whalen, 2001; Phan et al., 2002; Zald, 2003) .
Although evidence from clinical and nonclinical populations (Mayberg, 1997; Drevets and Raichle, 1998; Yamasaki et al., 2002; Wang et al., 2005) suggests that cognitive and affective aspects of processing evoke different patterns of brain activity in these two neural systems, direct evidence that an interaction between these systems causes an impairment of functions that are dependent on the dorsal executive system is lacking.
The present study addressed this issue by using functional magnetic resonance imaging (fMRI) to investigate the effect of emotional distracters on working memory maintenance. Healthy participants performed a delayed-response WM task for faces, with emotional or nonemotional novel stimuli presented as distracters during the delay interval. We made two predictions. First, on the basis of evidence concerning the interfering effect of emotion on cognitive functions (Seibert and Ellis, 1991; Oaksford et al., 1996) , we predicted that emotional distracters would have the most detrimental effect on WM performance. Second, on the basis of evidence suggesting dissociable effects of emotion on brain activity (Mayberg, 1997) , and consistent with the expected behavioral effect, we predicted that emotional distracters would increase activity in brain regions responsible for emotional processing (ventral system) while simultaneously decreasing activity in brain regions responsible for active maintenance of taskrelevant information into WM (dorsal system).
Materials and Methods
Subjects. Eighteen healthy right-handed young adults participated in the study. Data from three subjects were excluded from analyses because of mechanical failures in recording the behavioral responses (in two subjects) and because of low memory performance (in one subject). Thus, analyses were performed on data from 15 subjects (18 -31 years of age; average age, 22; SD ϭ 3.8). Because other investigators have reported gender differences in the processing of emotional information (Shields, 1991; Lang et al., 1993) , we restricted our study to female participants to maintain homogeneity of the subject sample. The experimental protocol was approved for ethical treatment of human participants by the Institutional Review Board at Duke University Medical Center.
Stimuli. Subjects performed a delayed-response WM task with novel distracters presented during the delay interval (Fig. 1) . The memoranda consisted of sets of three human faces (50% females/50% males), and the distracters consisted of pictures depicting emotional scenes, pictures depicting neutral scenes, and digitally scrambled versions of these pictures. The scrambled pictures had the same average spatial frequency and luminance as the meaningful pictures, and thus served as a no-distraction perceptual control. The emotional and nonemotional pictures were selected from the International Affective Picture System (IAPS) (Lang et al., 1997) and were supplemented by in-house sources used in previous studies (Yamasaki et al., 2002) to equate emotional and neutral pictures for complexity and human presence. Emotional distracters consisted of high-arousing and negative pictures (e.g., aggressive behavior, mutilations), and neutral distracters consisted of low-arousing and neutral pictures (e.g., mundane activities). The IAPS means in the 1-9 arousal and valence scales, respectively, were as follows: 6.2/2.0, for negative pictures, and 3.5/5.2 for neutral pictures. All emotional and neutral pictures contained human characters, and both memoranda and distracters were presented in color. A total of 120 experimental trials, identified based on the type of distracter (40 emotional, 40 neutral, and 40 scrambled), were involved.
Experimental procedures. The pool of 120 trials was divided into 10 sets of 12 trials (four emotional, four neutral, and four scrambled), which were randomly assigned to 10 study blocks. Ten different block orders were randomly assigned to the participants. To avoid induction of longlasting mood states, the trials within each block were pseudorandomized so that no more than three trials of the same type were consecutively presented. The task involved a two-phase design. As illustrated in Figure 1 , phase 1 of each trial started with the presentation of a memorandum (3.5 s.), which subjects encoded and maintained in WM for 11.5 s. A delay of 2 s followed the offset of the memoranda, and then two distracters of the same category were presented consecutively for a total time of 6 s (3 s each). The subjects were instructed to look at the distracters but maintain focus on the WM task. The beginning of phase 2 coincided with the presentation of a single-face probe (1.5 s). The subject's task was to indicate whether the probe was one of the three-face memorandum or a new face (half of the probes were old, and half were new). Subjects were instructed to make quick and accurate responses while the probes were on the screen. Each probe was followed by a 12.5 s fixation interval to allow the hemodynamic response to return to the baseline. The total length of each trial was 29 s.
After scanning, subjects performed two consecutive rating tasks, in which they assessed the meaningful distracters (i.e., the emotional and neutral pictures) for distractibility (as perceived during the WM task) and emotional intensity, using a four-point Likert scale (1, lowest; 4, highest) . Based on these ratings, individual indices of distractibility and emotional reactivity were calculated by averaging each subject's ratings of the meaningful distracters. These two measures were assessed to confirm that perceived distractibility and emotional intensity covary with each other and to directly link behavioral responses with brain activity. For instance, the emotional intensity ratings were used to separate emotional and neutral distracters according to subjects' own responses to each picture.
Imaging protocol. MR scanning was conducted on a 4T GE scanner (General Electric, Milwaukee, WI). After localizer, anatomical series, and high-order shimming, a series of 30 functional slices were acquired (axial plane; echo time, 31 ms; field of view, 25.6 cm 2 ) using an inverse-spiral pulse sequence. Functional voxels were isotropic (4 mm 3 ), and the acquisition repetition time (TR) was 2 s, allowing full-brain coverage. High-resolution three-dimensional spin-echo structural images were acquired for each functional slice in axial orientation (ratio, 4:1, in-plane resolution, 1 mm 2 ). Data analysis. Statistical analyses were preceded by the following preprocessing steps performed with custom Brain Imaging and Analysis Center tools: quality assurance, TR alignment, motion correction, coregistration, normalization, and smoothing (8 mm 3 kernel). Data analysis used voxel-wise and region of interest (ROI) analyses to compare brain activity associated with the conditions of interest (e.g., emotional vs neutral scene distracters). For individual analyses, the fMRI signal was selectively averaged in each subject as a function of trial type (i.e., emotional, neutral, and scrambled scene) and time point (one prestimulus and 13 poststimulus onset time points), using custom BIAC software, and pairwise t statistics for the contrast of interest (e.g., emotional vs neutral) were calculated for each subject. Individual analyses produced wholebrain average and activation t maps, for each condition, contrast of interest, and time point. Unless otherwise specified, only correct trials were included in the analyses. Also, no assumption was made about the shape of the hemodynamic response function.
The outputs of individual analyses were used as inputs for second-level random-effects group analyses. The group analyses involved both voxeland ROI-based statistics (i.e., t tests/ANOVAs and post hoc analyses performed with Fisher's PLSD), which were performed using the individual activation t maps and percent signal change data extracted from functional ROIs. The ROIs were traced around the voxels showing the maximum effects in the contrasts of interest (the average ROIs size was 39 contiguous voxels), as identified by the voxel-based analyses. As a general Figure 1 . Diagram of the working memory task showing the event order and trial types. Three categories of trials, defined by the type of distracters presented during the delay interval, were involved. Each trial contained two distracters of the same type, which were consecutively presented for 3 s. Subjects were instructed to encode and maintain the memoranda into working memory, look at the distracters, and then indicate by pressing a response button whether the probes were part of the memoranda (1, yes; 2, no).
rule, voxel wise analyses were performed on changes in MR units from a prestimulus baseline, whereas ROI analyses were performed on percentage signal changes from baseline. Unless otherwise specified, for both voxel-and ROI-based analyses, an intensity threshold of p Ͻ 0.001 (t Ͼ 3.79) and an extent threshold of 10 contiguous voxels were used.
Finally, to investigate individual differences concerning the brain-behavior relationship in the presence of emotional distraction, acrosssubject voxel-based correlation analyses were performed between fMRI data from brain regions showing greater group effects of emotion (e.g., right vlPFC) and behavioral measures (i.e., distractibility/emotional reactivity ratings and memory performance). For all analyses, the results of statistics performed on the fMRI signal from the delay peak time points (i.e., the time points of the delay period showing the highest statistical significance for the contrasts of interest) are reported.
Results

Behavioral results
Emotional intensity and distractibility ratings
The average scores for emotional intensity (1, lowest; 4, highest) as rated by the participants were 2.89 (SD, 0.4) for emotional distracters and 1.25 (SD, 0.23) for neutral distracters. Pairwise comparison of the rating scores was highly significant (T (14) ϭ 11.33; p Ͻ 0.0001), thus confirming that the subjects' rating scores were consistent with the normative scores (see Materials and Methods). The average scores for distractibility were 2.71 (SD ϭ 0.46), for emotional distracters and 1.45 (SD ϭ 0.34) for neutral distracters. Their pairwise comparison was also highly significant (T (14) ϭ 8.30; p Ͻ 0.0001), thus confirming that participants perceived the emotional pictures as more distracting than the neutral pictures.
Working memory performance
Confirming our first prediction, emotional distracters produced the most detrimental effect on working memory performance (Fig. 2 A) . Participants correctly identified probes that were part of the memoranda (Hits) on 75% (SD ϭ 14) of the trials for the emotional condition, 80% (SD ϭ 10) of the trials for the neutral condition, and 88% (SD ϭ 8) of the trials for the no-distraction control condition (i.e., the scrambled pictures). An ANOVA yielded a significant main effect of distracter type (F (2,14) ϭ 9.30; p Ͻ 0.0008), and all planned paired comparisons were significant ( p Ͻ 0.05 for all). These results were confirmed when statistics were computed on the corrected recognition scores (hits Ϫ false alarms; F (2,14) ϭ 13.77; p Ͻ 0.0001) and on the averaged scores for correct responses (hits and correct rejections; F (2,14) ϭ 13.35; p Ͻ 0.0001); all planned paired comparisons were significant ( p Ͻ 0.05).
fMRI results
Differential patterns of activity in the dorsal executive and ventral affective neural systems
Confirming our second prediction, emotional distracters produced markedly different patterns of activity in the dorsal executive and ventral emotional neural systems during the working memory delay period (Figs. 2 B, C, 3; Table 1 ). As expected, when compared with both neutral and scrambled distracters, the emotional distracters evoked stronger activity in ventral regions involved in affective processing, including the amygdala, vlPFC, and medial PFC. Moreover, when compared with both neutral and scrambled distracters, emotional distracters simultaneously evoked strong deactivation in dorsal executive brain regions, including the dlPFC, LPC, and posterior cingulate cortex, and reduced the brain activity during the delay period in these regions to below prestimulus baseline levels (Fig. 3) .
The statistical significance of these contrasting patterns of activity was assessed by repeated-measures ANOVAs computed on the percentage change in the MR signal from regions of interest traced around the peak active voxels for the comparisons of interest. Analyses reported in this section compared the brain activity observed at time points within the 10 -16 s period after memorandum onset, when the differential effects of the distraction conditions on activity during the delay period were most evident (Fig. 3, Table 1 ), and are based on data averaged across the two hemispheres. A two-way 2 (neural system, dorsal vs ventral) ϫ 3 (distracter, emotional vs neutral vs scrambled) ANOVA computed on the MR signal extracted from dorsal (dlPFC and LPC) and ventral (amygdala and the vlPFC) regions yielded a highly significant neural system ϫ distracter interaction (F (2,28) ϭ 133.18; p Ͻ 0.0001). One-way ANOVAs computed on the percentage change in the MR signal for each distracters type (emotional vs neutral vs scrambled) yielded significant main effects in all four brain regions [dlPFC, F (2, 14) ϭ 39.66, p Ͻ 0.0001; LPC, F (2,14) ϭ 40.75, p Ͻ 0.0001; vlPFC, F (2,14) ϭ 36.37, p Ͻ 0.0001; amygdala, F (2,14) ϭ 52.25, p Ͻ 0.0001). Post hoc analyses confirmed that the emotional distracters produced greater effects (i.e., greater deactivation in the dorsal system and greater activation in the ventral system) than either neutral or scrambled distracters in each region ( p Ͻ 0.01 for both). Additional support for this claim was derived from a 2 (neural system, dorsal vs ventral) ϫ 2 (distracter, emotional vs neutral) ANOVA, which also yielded a significant neural system ϫ distracter interaction (F (1, 14) ϭ 59.66; p Ͻ 0.0001). These analyses confirmed that the interaction was attributable to emotion rather than to the presence of meaningful stimuli per se and provide clear evidence that impaired WM performance in the presence of emotional distracters is linked to contrasting patterns of activity in the dorsal and ventral neural systems.
To further investigate whether impaired WM performance in the presence of emotional distraction is related to reduced activity during the delay period in the dorsal executive system, additional analyses were conducted to identify regions within the dorsal system in which activity during the delay period differentiated correct trials from incorrect trials. Once identified, we then (Hits-FAs) , emotional distracters had the most detrimental effect on working memory performance. B, Paralleling this behavioral pattern, emotional distracters had the most disrupting effect on the activity during the delay period in brain regions typically associated with active maintenance of task-relevant information in working memory (e.g., dlPFC). C, Mirroring these effects, emotional distracters had the most enhancing effect in brain regions typically associated with emotional processing (e.g., amygdala). Hits, Correctly identified old probes; FAs, incorrectly identified new probes (false alarms). Error bars represent SEM.
examined the influence of emotional distraction for this region. Brain activity for trials associated with correct (hits and correct rejections) responses was compared with activity associated with incorrect responses (misses and false alarms) (supplemental material, available at www.jneurosci.org). Based on evidence from previous WM studies (Sakai et al., 2002) , we predicted that regions within dlPFC would show greater activity in the delay period for the correct than for the incorrect trials. We further predicted that the incorrect trials for the emotional distraction condition (the condition associated with the lowest level of performance) would evoke the lowest level of activity in these regions.
Both predictions were confirmed. A region in the dlPFC (BA9; Talairach coordinates: x, y, z ϭ Ϫ32, 40, 31; T (9) ϭ 4.27; p Ͻ 0.001) was identified that exhibited greater activity during the delay period for the correct than for the incorrect trials. Moreover, the emotional trials associated with incorrect responses produced the lowest level of activity during the delay period in this region (supplemental Fig. 1 , available at www.jneurosci.org as supplemental material). These findings provide further support for the idea that activity during the delay period in the dorsal executive neural system predicts WM performance, and that this activity is susceptible to interfering effects from emotional distracters presented during the delay interval.
Hemispheric asymmetry in the processing of emotional distracters
Consistent with the role of the right hemisphere in the processing of negative emotions (Davidson, 1995; Borod et al., 1998) , we also found that emotional distracters had a greater impact on the brain activity during the delay period in specific regions in the right hemisphere than in the left hemisphere, and this effect was more pronounced in the prefrontal regions (Fig. 4) . Supporting this idea, two-way ANOVAs including hemisphere (left vs right) and distracter (emotional vs neutral vs scrambled) as factors yielded significant hemisphere ϫ distracter interactions in the dlPFC (F (2,28) ϭ 13.37; p Ͻ 0.0001), vlPFC (F (2,28) ϭ 18.62; p Ͻ 0.0001), and the LPC (F (2,28) ϭ 5.9; p Ͻ 0.02). Notably, the most significant effects were found in the prefrontal regions, dlPFC and vlPFC, and post hoc analyses confirmed that these interactions were attributable to the fact that negative distracters had a greater impact on the activity during the delay period in the right hemisphere than in the left hemisphere. Although separate investigation of activity in these regions revealed significant main effects of distraction (emotional vs neutral vs scrambled) in both hemispheres and regions (left dlPFC, F (2,14) ϭ 25.07, p Ͻ 0.0001; left vlPFC, F (2,14) ϭ 10.63, p Ͻ 0.0005; right dlPFC, F (2,14) ϭ 37.14, p Ͻ 0.0001; right vlPFC, F (2,14) ϭ 48.55, p Ͻ 0.0001), post hoc analyses showed that the effect size between the emotional and the neutral distracters was greater in the right hemisphere (dlPFC, p Ͻ 0.0005; vlPFC, p Ͻ 0.0001) than in the left hemisphere dlPFC, p Ͼ 0.47; vlPFC, p Ͻ 0.001), and that this hemispheric asymmetry was more pronounced in the dlPFC. These findings were confirmed by 2 (hemisphere, left vs right) ϫ 2 (distracter, emotional vs neutral) ANOVAs, which also yielded significant hemisphere ϫ distracter interactions both in the dlPFC (F (1,14) ϭ 14.95; p Ͻ 0.005) and in the vlPFC (F (1,14) ϭ 5.47; p Ͻ 0.05). Finally, post hoc analyses confirmed that these interactions were attributable to the fact that the difference between the emotional and neutral distracters tended to be more significant in the right hemisphere (dlPFC, p Ͻ 0.001; vlPFC, p Ͻ 0.0001) than in the left hemisphere (dlPFC, p Ͼ 0.48; vlPFC, p Ͻ 0.002).
Individual differences in the processing of emotional distracters
The present study also identified individual differences concerning the relationship between brain activity and behavioral responses in the presence of emotional distraction. Specifically, consistent with the role of the vlPFC in inhibitory processes (Jonides et al., 1998; D'Esposito et al., 1999; Smith and Jonides, 1999) , activity in this region was highly correlated with the subjects' overall distractibility scores for the emotional (r ϭ Ϫ0.74; p Ͻ 0.001) but not for the neutral (r ϭ 0.13; p Ͼ 0.65) distracters (Fig. 5 ) (see Materials and Methods). Moreover, activity in the same vlPFC region that correlated with the subjective distracti- Figure 5 . Greater correlation between the vlPFC activity and the distractibility scores for emotional than for neutral distracters. The left panel shows a subregion of the right vlPFC (BA 45; Talairach coordinates: x ϭ 60, y ϭ 18, z ϭ 18), the activity of which in the presence of emotional distracters highly correlated with the subjective scores for distractibility. Similar effects were also identified in the left hemisphere (BA 45/46; Talairach coordinates: x ϭϪ50, y ϭ 27, z ϭ 13), in which the same correlations were significant for emotional distracters (r ϭ Ϫ0.68; p Ͻ 0.005) but not for the neutral distracters (r ϭ Ϫ0.001; p Ͼ 0.99). The correlation map was obtained by calculating across-subject voxel-based correlations on the MR signal from the vlPFC voxels that showed greater activity during the delay period for emotional than for neutral distracters at p . Right-lateralized patterns of frontal activity in the processing of emotional distracters. Consistent with the role of the right hemisphere in the processing of negative emotions, emotional distracters were associated with a right-lateralized pattern of activity, which was more pronounced in the lateral prefrontal cortex. The activation maps displayed in a coronal view show greater effects of emotional distracters in the right (R) hemisphere than in the left (L) hemisphere. For display purposes, a higher t threshold was used, and hence only activity in the right hemisphere is shown. However, emotional distracters also produced significant effects in the left hemisphere (Table 1 ) (bar graphs). The bar graphs illustrate the peak delay differences in brain activity between the three experimental conditions in the right versus left hemispheres. The ANOVAs confirming this right-lateralized pattern are performed on percentage signal changes in the MR signal extracted from functionally defined ROIs, which were traced in homologes dorsal and ventral regions from both hemispheres. Error bars represent SEM.
bility scores (BA45; Talairach coordinates: x, y, z ϭ 55, 24, 15) also correlated with the subjective emotional ratings for emotional (r ϭ Ϫ0.73; p Ͻ 0.001) but not for the neutral (r ϭ 0.34; p Ͼ 0.1) distracters. Subjects who showed greater activity to emotional distracters in the vlPFC also tended to rate emotional distracters as both less distracting and less emotional. These results were consistent with the findings that individual distractibility and emotional indices were significantly correlated with each other for the emotional (r ϭ 0.72; p Ͻ 0.002) but not for the neutral (r ϭ 0.22; p Ͼ 0.25) distracters. Finally, correlation analyses also showed that activity in the vlPFC was also correlated with indices of relative impact of the meaningful distraction on WM performance, which were calculated by subtracting the average of correct responses in the presence of meaningful distracters (both emotional and neutral) from the average of correct responses in the presence of meaningless distraction (i.e., scrambled distracters). These analyses identified a subregion of the inferior frontal gyrus (BA9; x, y, z ϭ 40, 9, 25), which was correlated with the indices of relative impact of the meaningful distraction on WM performance for both emotional (r ϭ Ϫ0.58; p Ͻ 0.02) and neutral (r ϭ Ϫ0.57; p Ͻ 0.02) distracters. Collectively, these findings provide evidence for a role of the vlPFC in general inhibitory processes and for a specific involvement of this region in the inhibition of distracting emotions.
Discussion
Perhaps as a consequence of their potential as cues for threats or danger, emotional stimuli have salience that transcends current goal-directed behavior. Regardless of their relevance to ongoing activities, emotional stimuli can capture and divert attention. The enhanced significance of emotional stimuli can benefit some cognitive functions (e.g., better memory for emotional events) but can also cause detrimental effects on ongoing behavior (e.g., increased distractibility), particularly if emotional stimuli are task irrelevant (e.g., passing the scene of a tragic accident while driving). Although the enhancing effects of emotion on cognitive functions has been the focus of intensive research (Christianson, 1992; Dolcos et al., 2004b; Kensinger and Corkin, 2004; McGaugh, 2004; Phelps, 2004; Sharot et al., 2004; Dolcos et al., 2005 Dolcos et al., , 2006 , the detrimental effects of emotion on cognitive functions have received much less attention (Johnson et al., 2005; Miu et al., 2005; Most et al., 2005) (but see Seibert and Ellis, 1991; Oaksford et al., 1996) . The present fMRI study investigated the neural mechanisms underlying the detrimental effect of goal-irrelevant emotional distracters on the ability to maintain goal-relevant information into WM. Our results demonstrate a markedly different pattern of activation evoked by the emotional distracters, which strongly activated ventral system structures involved in emotional processing while dramatically disrupting delay interval activity in dorsal brain regions previously implicated in active maintenance of task-relevant information in WM. Importantly, this disruption of dorsal system activation was associated with impaired memory performance.
These differential patterns of activity are consistent with evidence separately linking the dorsal regions with WM operations and processing associated with distraction and the ventral regions with aspects of emotional processing. The pattern of activation observed in the dorsal regions (e.g., dlPFC and the LPC) is consistent with evidence associating these brain regions with WM maintenance (Courtney et al., 1997; Fuster, 1997; Smith and Jonides, 1999; Chafee and Goldman-Rakic, 2000) , with the inhibition of task-irrelevant information (Mishkin and Manning, 1978; Funahashi et al., 1993; Chao and Knight, 1998; Shimamura, 2000) and with protection against distraction (Jiang et al., 2000; Sakai et al., 2002; Jha et al., 2004) . The pattern of activation observed in the ventral regions (e.g., the amygdala and the vlPFC) is consistent with abundant evidence associating these regions with various aspects of emotional processing (Davidson and Irwin, 1999; Phan et al., 2002) .
The novel aspect of the present study is the interaction observed between the dorsal and ventral systems and the effect of that interaction on behavior. Unlike the present study, previous functional neuroimaging studies of WM with distraction either did not involve emotional distracters (Jiang et al., 2000; Sakai et al., 2002; Jha et al., 2004; Yoon et al., 2006) or did not link changes in brain activity to impaired behavioral performance in the presence of emotional distracters (Perlstein et al., 2002; Yamasaki et al., 2002; Wang et al., 2005) . For instance, previous studies from our group using target detection (or, oddball) tasks reported that infrequent and irregularly presented emotional distracters activated the amygdala, ventrolateral frontal, and ventromedial frontal cortices while simultaneously evoking negative activation (or deactivation) of dlPFC (Yamasaki et al., 2002; Wang et al., 2005) . These negative activations, or deactivations, were manifested as a change below prestimulus baseline of the blood oxygen leveldependent (BOLD) MRI signal. However, as these negative activations in dlPFC were observed in the absence of a behavioral consequence, the functional significance of the interactions between the dorsal and ventral systems was undetermined.
The present results extends the existing evidence by showing for the first time that the contrasting patterns of activity in the dorsal and ventral brain systems are directly linked to changes in behavioral performance. Consistent with our previous studies (Yamasaki et al., 2002; Wang et al., 2005) , the presentation of an emotional distracter in the present study caused a relative negative activation; that is, the sustained positive BOLD signal that normally occurs during the delay period and maintenance interval of a WM task in the absence of distraction was driven below prestimulus baseline by the emotional distracter. Unlike our previous studies, this disruption of sustained delay interval activity was associated with impaired WM memory performance. These findings complement our previous studies (Yamasaki et al., 2002; Wang et al., 2005) and provide strong support for the idea derived from clinical studies that activity in the hot emotional and the cold executive brain regions are interconnected such that increased activity in the ventral emotional system is associated with decreased activity in the dorsal executive regions (Dolan et al., 1993; Drevets and Raichle, 1998; Mayberg et al., 1999) , which results in impaired cognitive performance. These findings provide strong support for the idea that activation of the ventral system in the presence of transient emotional distracters temporarily takes off-line the dorsal system and impairs cognitive performance.
The right-lateralization pattern observed in the present study is different from the left-lateralized pattern identified in female participants by studies of emotional memory encoding (Cahill et al., 2001) but is consistent with current models of hemispheric asymmetry in emotional processing that associate negative emotions with the right hemisphere (Davidson, 1995; Borod et al., 1998) . Supporting these models, neuropsychological studies of frontal lobe patients have shown that patients with left hemisphere lesions tend to experience negative emotions such as sadness , and functional neuroimaging studies of nonclinical participants have identified regions of the right hemisphere that are particularly associated with processing of negative emotions (Dolcos et al., 2004a) . Consistent with the suggestion that hemispheric lateralization in emotional processing is more pronounced in the prefrontal regions (Davidson, 1995) , Dolcos et al. (2004a) recently identified a region in the right vlPFC that was particularly sensitive to transient processing of negative pictorial stimuli. Interestingly, that region overlaps with the vlPFC region that showed right-lateralized hemispheric asymmetry in the processing of negative distracters in the present study. It would be interesting to investigate whether an opposite pattern of lateralization is present in male participants during processing of transient emotional distracters, similar to the findings from studies of emotional memory encoding (Cahill et al., 2001) .
Finally, the individual differences identified in the present study suggest that the right vlPFC is involved in the inhibition of emotional distraction. Given that previous studies of inhibition (Jonides et al., 1998; D'Esposito et al., 1999; Smith and Jonides, 1999) have associated the left vlPFC with inhibitory processes and that studies of emotion have associated the right vlPFC with the processing of transient negative emotions (Phan et al., 2002; Dolcos et al., 2004a) , it is possible that activity in the right vlPFC identified in the present study reflects "pure" emotional processing rather than inhibitory processes. However, studies that have specifically associated the right vlPFC with the inhibition of negative emotions (Petrovic et al., 2002; Ochsner et al., 2004) suggest that greater activity in this region reflects enhanced inhibitory processes engaged to control the impact of distracting negative emotions. The present correlation results provide evidence consistent with the latter interpretation by showing that subjects showing greater activity in this region to negative distracters also tended to rate them as both less emotional and less distracting, possibly as a result of engaging inhibitory processes that diminished the subjective experience of being distracted. Activity in a different subregion of the inferior frontal gyrus also correlated with the WM memory performance, but this region did not dissociate the impact of emotional and neutral distracters. Collectively, these findings suggest a functional dissociation within the vlPFC with respect to its involvement in controlling the subjective feeling of being distracted as opposed to controlling the actual impact of emotional distraction on cognitive performance. These findings are consistent with the evidence supporting a general role of the vlPFC in inhibitory processes (Aron et al., 2004) and identify a specific role of this region in the inhibition of distracting emotions.
In summary, the present study provides the first functional neuroimaging evidence that impaired performance in the presence of emotional distracters is associated with disrupted activity in the brain regions responsible for active maintenance of goalrelevant information in WM (dorsal system) and enhanced activity in the brain regions responsible for emotional processing (ventral system). Consistent with models of hemispheric asymmetry in emotional processing, the present study also provides evidence for a right-lateralization of the observed effects. Finally, the present study also identified a specific role of the right vlPFC in the inhibition of distracting emotions. These results shed light on the neural mechanisms underlying the impairing effect of emotional distraction on working memory and extend the evidence concerning the neural mechanisms underlying the modulatory effect of emotion on executive functions (Gray et al., 2002; Perlstein et al., 2002; Yamasaki et al., 2002; Bishop et al., 2004; Simon-Thomas et al., 2005; Wang et al., 2005; Mather et al., 2006) . The present findings provide the first direct evidence that the detrimental effect of emotional distracters on working memory maintenance is associated with cognitive-affective interactions that involve interplays between a dorsal neural system associated with cold executive processing and a ventral system associated with hot emotional processing.
